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@ .Sulfonium salts of the formula: 





+ / 



Ar 



wherein Ar is a fused aromatic radical: Ri is a divalent organic bridge; each R2 and R3 individually is an 
aikyi, aryi. ali<aryl, aralltyl or substituted aryl. provided tfiat not more tinan one of R2 and R3 is alkyi; and A is 
a non-nucieophiiic anion; use thereof and preparation thereof. 
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SULFONIUM SALTS AND USE AND PREPARATION THEREOF 

The present invention is concerned with new sulfonium salts and especially with such salts that are 
useful as photoinitiators. 

In addition, the present invention is concerned with the preparation of such compounds and their use as 
photoinitiators, especially in cationic polymerizations. 
5 Various compounds have been suggested as photoinitiators for photochemically induced cationic 
polymerizations of such materials as epoxy resins, cyclic ethers, cyclic estersi polyvinyl acetals, 
phenoptasts, and amfnoplasts. 

Along these lines, see U.S. Patent 4.161.478 to Crivello. and Watt, et al.. "A Novel Photoinltiator of 
Cationic Polymerization: Preparation and Characterization of Bis[4-(diphenylsulfonio>phenyllsulfide-Bis- 
10 Hexafluorophosphate". Journal of Polymer Science: Polymer Chemistry Edition , Vol. 22, p. 1789. 1980 John 
Wiley & 50ns. Inc. 

Certain sulfonium and iodonium salts have been suggested as the initiators for such cationic poly- 
merizations. Additional discussions concerning these previously suggested sulfonium and iodonium salts 
can be found, for instance, in Pappas, et al., "Photoinitiation of Cationic Polymerization. III. Photosen- 

75 sitization of Diphenyliodonlum and Triphenylsulfonium Salts"; Joumal of Polymer Science: Polymer Chem- 
istry Edition, Vol. 22. pp. 77-84. 1984 John Wiley & Sons. Inc.; Crivello. et al.. "Photoinitiated Cationic 
Poiymerizafion with Triarylsulfonium Salts", Joumal of Polymer Science: Polymer Chemistry Edition , Vol. 
17, pp. 977-999. 1979 John Wiley & Sons, Inc.; Crivello, et a!., "Complex Triarylsulfonium Salt Photoinitia- 
tors. I. The Identification, Characterization, and Syntheses of a New Class of Triarylsulfonium Salt 

20 Photoinitiators", Joumal of Polymer Science: Polymer Chemistry Edition , Vol. 18. pp. 2677-2695, 1980 John 
Wiley & Sons, Inc.; and Crivello, "Cationic Polymerization - Iodonium and Sulfonium Salt Photoinitiators". 
Advances in Polymer Science , Series #62. pp. 1-48. 

However, the various sulfonium and Iodonium salts suggested have not been entirely satisfactory since 
such salts exhibit relatively poor absorptivity, which thereby limits their use to employing near ultraviolet 

25 exposures. This problem is especially pronounced when the compositions to be polymerized are to be used 
for various photoresist applications since the bulk of the exposure of such applications is usually conducted 
employing mercury arc lamps. Accordingly, this spectral mismatch between the absorptivity of the 
photolnitlator and the output from the mercury arc lamp necessitates rather lengthy and costly exposure 
dosages. 

30 In accordance with the present invention, new sulfonium compounds are provided that are useful as 
photoinitiators and that dramatically reduce the exposure requirement for photochemically induced cationic 
polymerization. 

The compounds of the present invention exhibit increased absorption at the major mercury arc lamp 
lines as compared to the prior art sulfonium and Iodonium photoiriltiators. In addition, compounds of the 
35 present invention have significantly higher melting points as compared to prior art photoinitiators. This, in 
turn, results in increased thermal stability and shelf-life of compositions employing these compounds. 
In particular, the present Inventiori is concerned with compounds represented by the following formula: 

. . Ar -t- R- S A (1) 

^ \ 

45 

In the above formula. Ar is anthracyl, naphthyl. peryl. or pyryl. Ri is an alkylene or alkenylene group 
that can be broken with an oxygen atom along the chain and/or can be substituted with a pendent hydroxyl 
group. Each 82 and Ra, individually, is an aryl group, substituted aryl. alkyi group, alkaryl group, or aralkyi 
provided that not more than one of R2 and Ra is an alkyI group. A" is a non-nucleophilic anion such as 
50 SbF^, PFg . AsF-g . BF-^. CFaSO-g-. or CIQ— . 

Those compounds of the present invention wherein Ri is a substituted alkylene or alkenylene group 
having pendent hydroxyl groups are reactive with various of the polymers being polymerized such as the 
epoxy polymers and thereby become covalently bonded Into the resIn network. This is especially desirable 
when the photocured epoxy resins are to be subsequently employed in products such as circuit boards that 
involve plating copper thereon. 
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For instance, sulfur and sulfur-containing compounds are typical materials that tend to poison elec- 
troless copper plating baths which thereby effect the plating rate and quality of the plated copper. 
Accordingly, leaching out of sulfonlum salts from the cured polymer of, for instance, a permanent 
photoresist into the additive plating bath is believed to cause deterioration of the plated copper quality. 

5 Accordingly, with respect to those compounds of the present invention that are covalently bonded into 
the epoxy resin, the ability to be leached out of the resin is significantly reduced, if not entirely eliminated. 
In turn, the use of such sulfonium compounds will not adversely effect any plated copper.' 

In addition, the present invention is concerned with photocurable compositions that contain an epoxy 
polymer and at least one of the above-defined compounds. Such compounds are present in an amount 

TO sufficient to accelerate the cure of the epoxy polymer. 

A further aspect of the present invention is concerned with a process for preparing a compound of 
Formula 1 wherein the Rt group is a hydroxyl derivative. The process comprises reacting a compound of 
the formula Ar-R*. wherein R* is a glycidyl ether group with a compound of the formula R2SR3. wherein Rz 
and R3 have the same meanings as discussed above. The reaction is carried out in the presence of 

IS hydrogen ions and a non-nucleophilic anion such as one or more of the following ions: SbF— , PF-g-, 
AsF— , BF — . CFaSO-g-, and CIO—. The reaction is carried out in an organic diluent. 

In addition, the present Invention is concerned with a process for preparing those compounds of 
Formula 1 above that includes reacting a compound of the formula Ar-RiX, wherein X i^ a halide and Ri 
has the same meaning defined above, a compound of the formula R2SR3, wherein R2 and R3 have the 

20 same meanings as defined above, with a metallic compound of the anion such as a compound of the group 
MSbFc, MPFs. MAsFc. MBF*. CFaSOoM, MCIO4, or dioxane adducts thereof. The reaction is carried out in 
an organic diluent. 

The present invention is concerned with new sulfonium compounds that are especially useful as . 
photoinitiators. The compounds of the present invention are represented by the following formula: 

25 




30 



Ar of the above formula is a fused aromatic radical that is selected from the group of naphthyl. 

ahthracyl, peryl. and pyryl. Ri is a divalent bridge selected from the group of alkylene and alkenylene, 
35 alkylene and alkenylene chains broken with an oxygen atom; and substituted derivatives of the above 

chains. The substituted derivatives are those having pendent from the chain a hydroxyl group. Ri usually 

contains about 1-10 carbon atoms and preferably about 1-4 carbon atoms. 

Examples of specific Ri bridges include methylene, ethylene, propylene, isopropylidene, butylene, 

isobutylene. oxymethylene. oxypropylene, and 3-hydroxy-1-oxy butylene. 
40 Each R2 and R3 is Individually an alkyl. aryl. substituted aryl. alkaryl, or aralkyi group, provided that not 

more than one of R2 and Ra is an alkyl group. Generally, the alkyl groups contain 1-12 carbon atoms and 

preferably 1-4 carbon atoms, examples of which are methyl, ethyl, propyl, isopropyl, and butyl. The aryl 

groups can contain 6-12 carbon atoms and Include phenyl, biphenyl. and naphthyL The substituted^ aryl 

groups are generally those substituted with one of the groups of OH. OR'. NH2, NR R wherein each R and 
^ r' is Individually an alkyl group containing generally 1-4 cariDon atoms, including methyl and ethyl. The 

alkaryl groups generally contain about 1-18 cartDon atoms and preferably about 7-10 carbon atoms and 

include phenyl, and ethylbenzyl. The aralkyi groups usually contain from about 7-18 carbon atoms and 

preferably from about 7-10 carbon atoms and Include tolyl and xylyl. 

A", in the above fonmuia is a non-nucleophilic anion which can be SbF — , PF"^. AsFy, BF^ , 
50 CFaSO-g-, or CIO— . 

The compounds of the present Invention can be used as photoinitiators for cationic polymerizations 

such as polymerizations of epoxy polymer, phenoplast, aminoplast, polyvinylacetals, cyclic ethers, and 

cyclic esters. 

Typical examples of epoxy polymers include the epoxidized novolak polymers and the polyepoxides 
55 from halo-epoxy alkanes such as epichlorohydrin and a polynuclear dihydric phenol such as bisphenol A. 
Mixtures of epoxides can be used when desired. 

The epoxidized novolak polymers are commercially available and can be prepared by known methods 
by the reaction of a thermoplastic phenolic aldehyde of a phenol with a halo-epoxy alkane. The phenol can 
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be a mononuclear or polynuclear phenol. Examples of mononuclear phenols have the formula: 

OH 



X 



10 



40 



45 




wherein X. V. and Rs are hydrocarbons containing no more than about 12 ciarbon atoms. 

Hydrocarbon-substituted phenols having two available positions ortho or para to a phenolic hydroxy 

75 group lor aldehyde condensation to provide polymers suitable for the preparation of epoxy novolaks Include 
p- and p-cresols. o- and p-othyl phenols, o- and p-isopropyl phenols, o- and p-tert-butyl phenols, o- and p- 
secbutyl phenols, o- and p-amyl phenols, o- and p-octyl phenols, o- and p-nonyl phenols, 2,5-xylenDl, 3,4- 
xylenol. 2,5-diethyl phenol. 3.4-diethyI xylenol. 2,5-dilsopropyl phenol. 4-methyl resorcinol. 4-ethyl resor- 
cinol, 4-isopropyl resorcinol, 4-tert-butyl resorcinol, o- and p- benzyl phenol, o- and p-phenethyl phenols, o- 

20 and p-phenyl phenols, o- and p-tolyl phenols, o- and p-xylyl phenols, o- and p-cyclohexyl phenols, o- and 
p-cyclopentyi phenols. 4-phenBthyl resorcinol, 4-tolyl resorcinol. and 4-cyclohexyl resorcinol. 

Various chioro-substituted phenols which can also be used in the preparation of phenol-aldehyde resins 
suitable for the preparation of tiie epoxy novolaks include o- and p-chloro-phenols, 2.5-dichloro-phenol, 2.3- 
dichloro-phenol. 3.4-dichloro-phenol. 2-chloro-3-methyl-phenol 2-chloro-5-methyl-phenol, 3-chloro-2-methyl- 

25 phenol. 5-chloro-2-methyl-phenol, 3-chloro-4-mettTyl-phenol, 4-chk)ro-3-methyl-phenol, 4-chloro-3-ethyl-phe- 
nol, 4-chloro-3-isopropyl-phenol. 3-chloro-4-phenyl-phenol. 3-chloro-4-chloro-phenyl-phenol, 3.5-dichloro-4- 
methyl-phenol, 3.5-dichloro-5-methyl-phenol, 3,5-dlchlora-2-methyl-phenol, 2.3-dlchloro-5-methyl-phenol, 
2,5-dlchloro-3-methyl-phenol, 3-chloro-4,5-dlmethyl-phenol, 4-chloro-3,4-dimethyl-phenol, 2-chloro-3.5- 
dimethyl-phenol, 5-chloro-2,3-dimethyl-phenol. 5-chloro-3,5-dimethyl-phenol. 2.3.5-trichloro-phenol, 3.4.5- 

30 trichloro-phenol, 4-chloro-resorcinol, 4.5-dlchloro-resorclnol. 4-chloro-5-methyl-resorcinol. 5-chIoro-4-methyl- 
resorcinol. 

Typical phenols which have more than two positions ortho or para to a phenolic hydroxy group available 
for aldehyde condensation and which, by controlled aldehyde condensation, can also be used are: phenol, 
m-cresol. 3,5-xylenol. m-ethyl and m-isopropyl phenols, m.m'-diethyl and diisopropyl phenols, m-butyl- 
35 phenols, m-amyl phenols, m-octyl phenols, m-nonyl phenols, resorcinol, 5-methyl-resorcinol, 5-othyl resor- 
cinol. 

Examples of polynuclear dihydric phenols are those having the formula: 



HO 



(A)X (A.)y 



Ar — Rg — - Ar 



OH 



wherein Ar is an aromatic divalent hydrocarbon such as naphttiylene and. preferably, phenylene; A and Ai 
which can be the same or different are alkyi radicals, preferably having from 1 to 4 carbon atoms, halogen 
atoms, i.e.. fluorine, chlorine, bromine, and iodine, or alkoxy radicals, preferably having from 1 to 4 carbon 
atoms; x and y are integers having a value 0 to a maximum value con-esponding to the number of hydrogen 
so atoms' on the aromatic radical (Ar) which can be replaced by substituents and R, is a bond between 
adjacent carbon atoms as in dihydroxydiphenyl or Is a divalent radical Including, for example: 
- C -. -0-. -S-, -SO. SO2-. and -S-S- 

anl divalent hydrocarbon radicals, such as alkylene. alkylidene. cycloallphatic. e.g.. cycloalkylene and 
65 cycloalkylidene. halogenated. alkoxy or aryloxy substituted alkylene. alkylidene and cycloallphatic radicals, 
as well as alkarylene and aromatic radicals including halogenated. aikyi, alkoxy or aryloxy substituted 
aromatic radicals and a ring fused to an Ar group: or can be polyalkoxy. or polyslloxy. or two or more 
alkylidene radicals separated by an aromatic ring, a tertiary amino group, an ether linkage, a carbonyl group 
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or a sulfur containing group such as sulfoxide, and the like. 

Examples of specific dihydric polynuclear phenols include, among others, the bis-(hydroxyphenyl)- 
alkanes such as 2.2'-bls-(4-hydroxyphenyl)propane. 2,4'-dihydroxydiphBnylnnethane, bis-(2-hydroxyiphenyl)- 
methane. bis-(4-hydroxyphenyl)methane. bis(4-hydroxy-2,6:dlmethyl-3-methoxyphenyl)methane, 1,1 -bjS-(4- 

5 hydroxyphenyOethane. 1 .2'-bis-(4-hydroxyphenyl)ethane, 1 ,1 '-bis-(4-hydroxy-2-chlorphenyl)ethane. 1 . 1 '-bis- 
(3-methyl-4-hydroxyphenyl) ethane. 1 .3'-bis-(3-methyl'^ydroxyphenyl)propane. 2,2 -bis-(3-phenyl-4- 
hydroxyphenyl)propane, 2.2'-bis-(3-isopropyl-4-hydroxyphenyl)propane, 2,2'-bis(2-isopropyl-4-hydrox- 
yphehyl)pentane, 2.2'-bis-(4-hydroxyphenyl) heptane, bis-(4-hydroxyphenyl)pheriylmethane.^ bis-(4-hydrox- 
yphenyl)cyclohexylmethane, 1 ,2'-bis-(4-hydroxyphenyl)-1 ,2'-bls-(phenyl)propane and 2,2 -bis-(4-hydrox- 

10 yphenyl)-1-phenyl-propane; di(hydroxyphenyl) sulfones such as bis-(4-hydroxyphenyl)sulfone, 2.4 -dihydrox- 
ydiphenylsulfone. 5'-chloro-2.4'-dihydroxydiphenyl sulfone, and 5'-chloro-4.4'-dihydroxydiphenyl sulfone; di- 
(hydroxyphenyl)ethers such as bis-(4-hydroxyphenyl)ether. the 4.4'-. 4.2'-. 2.2'-. 2.3 dihydroxydiphenyl 
ethers. 4.4'-dihydroxy-2,6-dimethyldiphenyl ether, bis-(4-hydroxy-3-isobutylphenyl)ether, bis-(4-hydroxy-3- 
isopropylphenyl)ether. bis-(4-hydroxy-3-chlorophenyl)ether, bls-(4-hydroxy-3-fluorophenyl) ether. bis-(4- 

is hydroxy-3-bromophenyl)ether. bis-(4-hydroxynaphthyl)ether, bis-(4-hydroxy-3-chlorohaphthyl) ether. bis-(2- 
hydroxydiphenyl)ether. 4,4'-dihydroxy-2.6-dimethoxydiphenyl ether, and 4,4'-dlhydroxy-2.5-diethox- 
ydiphenyl ether. 

The preferred dihydric polynuclear phenols are represented by the formula: 



wherein A and Ai are as previously defined, x and y have values from 0 to 4 Inclusive and Rs is a divalent 
saturated aliphatic hydrocarbon radical, particularly alkylene and alkyiidene radicals having from 1 to 3 
carbon atoms, and cycloalkylene radicals having up to and including 10 carbon atoms. The most prefen-ed 

30 dihydric phenol is bisphend A, i.e.. 2,2'-bis(p-hydroxyphenyl)propane. 

As condensing agents, any aldehyde may be used which will condense with the particular phenol being 
used, including fonnaldehyde. acetaldehyde, proplonaldehyde, butyraldehyde, heptaldehyde.. cyclohex- 
anone. methyl cyclohexanone. cyclopentanone, benzaldehydei and nuclear alkyl-substituted benzaldehydes, 
such as toluic aldehyde, naphthaldehyde. furftiraldehyde, glyoxal. acrolein, or compounds capable of 

3s engendering aldehydes such as para-formaldehyde, hexamethylene tetramlne. The aldehydes can also be 
used In the form of a solution, such as the commercially available formalin. The prefen^d aldehyde is 
formaldehyde. 

The halo-epoxy alkane can be represented by the formula: 



40 

X 

45 




wherein X is a halogen atom (e.g., chlorine, bromine, and the like), p is an integer from 1-8. each Ra 
individually is hydrogen or alkyi group of up to 7 carbon atoms; wherein the number of carbon atoms in any 
epoxy alkyI group totals no more than 10 carbon atoms. 

While glycidyl ethers, such as derived from epichlorohydrin, are particularly preferred in the practice of 
this Invention, the epoxy polymers containing epoxyalkoxy groups of a greater number of carbon atoms are 
also suitable. These are prepared by substituting for epichlorohydrin such representative corresponding 
chlorides or bromides of. monohydroxy epoxyalkanes as l-chloro-2.3-epoxybutane, l-chloro-3.4-epox- 
ybutane. 2-chloro-3.4-epoxybutane, l-chloro-2-methyl-2,3-epoxypropane, 1-bromor2,3-epoxypentane, 2- 
chloromethyl-1 ,2-epoxybutane. 1-bromo-4-methyl-3.4-epoxypentane, 1-bromo-4-ethyl-2.3-epoxypentane, 4- 
chloro-2-methyl-2.3-epoxypentane, 1 -chloro-2.3-epoxyoctane. 1 -chloro-2-methyl-2,3-epoxyoctane. or 1 - 
chloro-2,3-epoxydecane. Although it is possible to use haloepoxyalkanes having a greater number of carbon 
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atoms than indicated above, there is generally no advantage in using those having a total of more.than 10 
"^"e'preferred epoxidized novolak emptoyed in the present invention is represented by the average 

formula: 



10 



75 



20 



25 



30 



:i-lcKCH20— <^>— C ( CH3 ) 2 




C{CH3)2' 




C(CH3)2 




CH-) 




C(CH3)2 



^2 




O 

CH2CK -CK2 



35 



40 



45 



SO 



55 



dlliient Is used to ensur. dissolution ot tho such can be otjtainwl by the procwlur. 

When a dioxane adduct of the sll«r »mpound = „™ sUe. 1982. 

suggested b, Woodhouse. et al.. Jounal of ^ *2!2^„^^„S'for ««-Sl daya. such as frem 
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known processes starting from, in the case of the bromoanthracene derivative, anthrone. 

To facilitate understanding the preparation of the starting material, reference will be made to the manner 
in which 9-propylbromoanthracene is prepared. In particular, anthrone is converted into 3-{9-anthracenyl)- 
propionic acid. Such is obtained by reacting the potassium enolate salt of anthrone with acrylonitrile in t- 

5 butyl alcohol using potassium t-butoxide as the condensing agent. The product is hydrolyzed with aqueous 
HCI and reduced with zinc dust in ammonium hydroxide to produce the /9-{9-anthranyl)-propionic acid 
according to the method disclosed by Daub, et al.. Journal of the American Chemical Society , 74. page 
4449 (1952). The crude product is obtained in about 90% yield, but drops to about a 52% yield following 
recrystallizatlon from acetic acid. 

10 The acid derivative, 3-(9-anthracenyl)-propionlc acid, is reduced to the alcohol employing UAIHa 
according to the procedure disclosed by Amitai. et al.. Biochemistry , 21, page 2060 (1982). The alcohol is 
then converted to the bromide by reacting with carbontetrabromide In the presence of triphenyl phosphine 
according to the procedure disclosed by Duncan, et al.. Journal of Labelled Compounds , Radiopharnn, XIII, 
page 275 (1976). 

76 Compounds, in accordance with the present invention, wherein Ri is a hydroxyl derivative can be 
prepared by reacting a compound of the formula ArR^ wherein Ar is the same as defined above and is a 
glycidyl ether group; with a compound of the formula R2SR3 wherein R2 and Ra are the same as defined 
above in the presence of hydrogen ions and non-nucieophtlic anions such as those from the group of 
SbF-Q-, PF -g . AsF -g^ BF -j-, CFaSO -3, and ClO-j-. The reaction is carried out in an organic diluent. 

20 The hydrogen ions and counter Ions can be provided by employing an acid of the counter Ion such as 
HSbFe, HPFs. HAsFg. HBF^, CF3SO3H, or HCIO^, or employing a mineral acid such as HCI or H2SO4 along 
with a sodium, lithium, or potassium salt of the counter ion such as KSbFe. KPFs, KAsFg. KBF4, GF3SO3M, 
and KCIO4. 

The purpose of the hydrogen Ion is to open the epoxy ring to facilitate the attack by the sulfide 
25 employed. Us© of the acid form of the counter ion Is preferred since the presence of the mineral acids with 
a strongly nucleophilic anion will tend to slow the reaction somewhat 

Typical diluents employed are those in which the sulfide and glycidyl ether compounds are miscible 
and include acetonitrile. It is desirable that the diluent be relatively volatile in order to facilitate evaporation 
In subsequent process steps. 
30 With respect to preparation of the glycidyl ether, reference will be made to the preparation of 
anthracenyl glycidyl ether to facilitate understanding of the present invention, it being recognized that other 
starting materials to provide the desired glycidyl ether can be employed utilizing the same general reaction. 

In particular, anthrone is reacted with epichlorohydrin in an organic diluent such as absolute ethanol. 
The ethanol may be replaced by any anhydrous solvent that is miscible with water, such as anhydrous 
35 methanol or isopropanol. 

Also, the epichlorohydrin. which is the source of the epoxy functionality, can be replaced by other 
reactive epoxies if a greater alkyl group Is desired. The epichlorohydrin or epoxy compound is employed in 
great excess of the stoichiometric amounts, such as about 5 times to about 10 times the stoichiometric 
amounts. The reaction is can-led out In the presence of a hydroxide such as sodium hydroxWe, potassium 
40 hydroxide, or ammonium hydroxide in amounts slightly In excess of equimolar amounts of anthrone. The 
reaction is earned out at temperatures from normal room temperatures to about 70 'C with the prefenred 
temperatures being about GS'C to about 70* C. The reaction is usually carried out for about 12 hours to 
about 72 hours, a typical time being about 24 hours at about nomial room temperature. The desired 
glycidyl ether can then be separated from the reaction mass by dissolving in a solvent such as chloroform 
45 or ottier chlorinated solvents that exhibit negligible solubility in water. Removal of the solvents used in the 
reaction and any other volatiles followed by crystallization from a hydrocariDon such as hexane, pentane, 
xylene, or toluene are used to provide the glycidyl ether product. In addition, the product can be 
recrystallized from methylene chloride/hoxane to increase the purity of the desired glycidyl ether product 

The following non-limiting examples are presented to further illustrate the present invention. 

Example 1 

55 Preparation of 3-(9-antiiracenyl)-propyl diphenyl sulfonium hexafluoroantimoriate. 

About 200 ml of t-butyl alcohol are added to a 1 -liter 3-neck flask witii ground glass joints fitted witii a 
dropping funnel, condenser, and mercury sealed stirrer under nitrogen atmosphere. About 4.88 grams of 
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10 



is. 



20 



25 



35 



40 



4S 



resulting in potassium anthranilate. . . . ^ dropwise over about 1 hour, a solution of about 

TO the solution of the potass-un. ^f"'^*^^^'^^^^^^^ the addition of the acrylonltrile. a 

7.3 ml of acrylonitrile in about 40 ^r'l^^^^^^ for about 2 hours and a clear red 

bright red P-iP'tate sepa«*es out o^^ ,„ ^, of water is 

colored solution is obtained. About 1 ml of ti^e. an additional 100 ml of 

added, afterwhich^tha t-'>"^' ^f^''' 'f 3^7^,'^^^^^^^^^^ In the flask are cooled 

^^^^^^^^^^^^ r^r r rsiti^Jdt 

remaining solid In the flask is washed with ^' °* ^^^^^^ hydroxide and about 240 ml of water. 

The acid is dissoK^ed^in abou^ ^60 ml of.conc^frated a^^jum hy^^^ ^ ^^^^^ ^.^ ^^^^ 

standing. ?he solid is filtered, washed with -f^-^^^^^^^^f ^"'^^^^^ being pale yellow 

Sirct-h^:,gTmX point of'about ^^^'-^^^^^^ra^idt^^^^ is added over, a 2 hour 

About 15 grams of the 3-(9^«l[*<^f >-P^°';''" \f^^^ of dry tetrahydrofuran. After 

period to a stirred suspension of about 5 9^^^\*^>''i"*J^^o m^^S^ethyl acetate is slowly added, 
surring ovemlght. the mixture Is placed m ^ J^^^-^^*^^ „^ J ° ^lueous solution of HCl. After 
Slowld by about 75 ml of Ice ««W ^^^^^^^^ ^^"^^ ^^^^^^ Phase is washed w«h 

stirring for about 2 hours, the mixture .s ^^^"^^ ^J'^eXited to yield a crude product. The 
satur^ed NaCI. It Is then dried over magnesUim ^""^^^^ ^^^^^ about a 71% yield, 
cmde product is then recrystallized from ether/hexane to y^^^^^^^ grams of triphenyl 

, Ab'out 12.7 grams of ^^^^^^''^'^'^1^^^ ml Tf^ethytethe^^To this mixture is added 
phosphine in about 30 •I'^^^^yf^S^.^^t,^^^^^ 

about 18 grams of carbon tetrabromide (CBr*). fo„owed by elution on silica gel. 

e-propylbromoanthracenels ^en ob^^^^^^^ dioxane adduct 

A slurry of about 2234 9 <°^°;; 
(AgSbFs-3C*H,0.). about 0.62 ml mole)^^P^^^^^ ^ subsequent 

added to a S-neck. 25 ml flask through which nitrogen Is tabbted y 

additions. TO this stinred '^^^^f .^.^^^^^^^^^^ iriod. The' reaction mixture 

racene obtained above in abou ^/nl ofAch torome^^^ ^Jprotected from light for about 10 days. 
IS then stoppered and stirred at about flask using warn, dichtoromethane to 

The dark colored mixture is transferred to an Erier^ 9 

provide a total volume of J^^Jf^l^'J^SJlTtwlS^^^^ r^^n''"9 ^ ^ 

arKJ the contents are heated to boiling and ^^'^^^'^'J^^^ of a dark colored residue which Is 
The filtrate Is then evaporated ^ ^'^'^^^^^"^^ ^ ^ detract yielded about 0.284 grams 
extracted about 3 times. 50 ml each time. ';^J'l^^-^^^^ ^ an equal molar mixture of 9- 
of a mobile yellow oil which, according '^^'^'''^^^^^ 18% unreacted starting materials, 
propylbromoanthra^neanddjhenylsu^^^^^^ 45 ml of warm dlch- 

The resultant daric colored solid of about 2.i& jram permitted to stand at room 

loromethane. and about 40 ml of ether are ^^^^^J'^^yZ^^ of gold black crystals having a 

imple 2 
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trade designation SU-8: about 5% of an epoxy, available from Dow under the designation XD7342; and 
about 17% by weight of cycloaliphatic epoxy. available from Ciba-Geigy under the designation CY-179 is 
provided. To this epoxy composition Is added about 5% by weight based upon the above epoxy solids of 
the [3-(9-anthracenyl>-propyll-dlphenyl sulfonlum hexafluoroantimonate. XD7342 can be represented by the 
formula: 



70 



75 



H 





CY-179 is represented by the formula: 



20 



25 



o 



30 



The composition is exposed to about 450 millijoules/cm^ with a subsequent 100*C-10 minute balce 
using a Staufffer 21 -step wedge test The above composition exhibited a 15-step hold. 

Comparison Example 3 

Example 2 is repeated, except that the [3-{9-anthracenyl)-propyll diphenyl sulfonium hexafluoroan- 
timonate is replaced by a 50/50 mixture of the following compounds: 



«2 




o 

3 



40 



CO] 



45 (P] SbFg 



The results of the Stauffer 21 -wedge step Illustrate that the use of the above compound only holds at 
the 2-step. 

®° A comparison of Example 3 with Example 2 illustrates the significant improvement achieved by the 
present Invention and, in fact, illustrates about a greater than 10-fold increase in the photospeed. 

In addition, the compound employed in Example 2 exhibits absorption characteristics of the anthracene 
moiety with maxima at 349 nanometers. 367 nanometers, and 387 nanometers, values at 365 nanometers 
and 405 nanometers are about 1.1 x 10* !^-'cm"' and 110 M-^cm"\ respectively. 
®^ In contrast, the sulfonium salt photoinltiators commercially available, such as those Illustrated in 
Comparison Example 3. possess values well below 100 M-^cm"^ at 365 nanometers. 
A major emission line from the mercury arc lamp Is centered at about 365 nanometers. 
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Example 4 — . . 

Preparation of 3-(9-anthracenyl)-2-hydroxy-3-oxypropyl diphenyl sulfonium hexafluoroantimonate 

About 9.7 grams (0.05 mole) of anthrone is placed In a 100 ml round-bottom 3-neck flask equipped with 
a dropping funnel, nitrogen purge, magnetic stirrer, and condenser. About 23 grams (0^5 mole) of 
epichlorohydrin in about 8 ml of absolute alcohol are added to the reaction flask and the contents are 
warmed to about 65* C. During this time, most of the anthrone is dissolved. 

About 2.6 grams (0.065 mole) of sodium hydroxide are dissolved in about 3 ml of water and then added 
to the reaction flask, dropwise over about 2 hours. The temperature of the reaction mass during this time is 
maintained at about 65* -75* C. The reaction mass is then allowed to slowly cool and is stinred for about 20 
hours at normal room temperature. Upon the cooling, a precipitate is formed. About 50 ml of chloroform is 
added to dissolve the precipitate, most of which is dissolved leaving an oily, white solid of about 3.8 grams 
which is washed with chloroform and filtered off. 

The reaction solvents and other volatiles are then removed by heating at about 50-60 C, leaving about 
14 grams of an oily, orange solid remaining. 

The above crude product is then crystallized from hexane, whereby about 2 grams of a dark orange oil 
that is insoluble in hot hexane are discarded. About 6.3 grams of recrystallized product having a melting 
point of about 96* -100* C are obtained. An additional 2.1 grams of a further recrystallized product having a 
melting point of about 88 ' -95 * C are obtained. 

These products are then recrystelllzed from methylene chlorlde-hexane to yield about 4.9 grams of a 
first product having a melting point of about 96* -100* C and a second product of about 1.7 grams having a 
melting point of about 95* -100* C. 

The supematants of the above recrystaliizations give about 2.6 grams of material having a melting point 
of about 81 * -89* C and recrystalUzation from the hexane resulted in about 2 grams having a melting point 

of about 85* -95* C. , , , ^ • 

The overall yield corresponds to about 70%. The obtaining of the desired 9-anthracenyl glyddyl ether is 

confinmed by NMR and IR spectra. 

About 0.9 grams (about 2.6 m mole) of hexafluoroantlmonfc acid are added to a 50 mi round-bottom 
flask equipped with magnefic stirrer. 

A solution of about 1 gram (4 m mole) of the 9-anthracenyl glycidyl ether obtained above, about 2 
grams (11 m mole) of diphenyl sulfide, and about 2 grams of acetonitrile Is provided. About half of this 
solution is added to the reaction flask over about 30 minutes, followed. Ir> turn, by the addition of another 
0.9 grams of the hexafluoroantimonic add. The remaining half of the glycidyl ether solution is then added. 

The reaction is allowed to proceed for about 40 minutes after the addition of the glycidyl ether solution, 
followed by evaporation of the acetonitrile. 

The resulting d! product is then taken up into dlchloromethane. The mass is then dried with magnesium 
sulfate and filtered. The solvent is concentrated to about 4 mL and ether is added to yield an oily sdid of 
about 0.7 grams that represent about a 26% yield. This product Is then crystallized from 1,2-dlchldroethane 
to give, yellow crystals of about 3.5 grams having a melting point of about 172* -175 C. 

The desired product is confinmed by the NMR spectrum. 



Example 5 

Example 2 is repeated, except that the compound of Example 4 is employed in place of the [3-(9- 
anthracenyO-propyl] diphenyl sulfonium hexafluoro-antlmonate. The results of the Stauffer 21 -step wedge 
test illustrate that 12 steps are held employing the compound of this example. 



Comparison Example 6 

Preparation of 3-(9-anthracenyl)-2-hydroxy-3-oxypropyl dimethyl sulfonium hexafluoroantimonate 
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20 



magnesium sulfate, filtered, treated wrth charcoal ^^^^ ^^^^^^^1^ is obtained which is then 



25 



30 



of about 105 - 116 C. :^ ^Kr^nt ft5% visld with a first crop crystals amounting to 

■^hs^'sZ '^SLd » ^.ployed ep«, con.p.««». ^ ^ 

'=°"?J,feZpt»SSr^|Ss1^S'dH.., »<» «,ose ln»n|ton in l«.ina b<* 



35 



Claims 

1. Compound having the generail formula: 



40 



45 



so 



55 




2 Compound of claim 1 wherein Ar is anthracyl. 

3 Compound of claim 1 wherein R, contains 1-10 carbon a^oms. 

4 Compound of claim 1 wherein Ri contains 1-4 carbon atoms. 

5 Compound of claim 1 wherein R, contains 3 carbon atoms. 

PF -6 , AsF ^ . BF J. CFaSO 3 . and CIO _ 
8 Compound of claim 1 wherein A is SbP e • . 
9. Compound of claim 1 wherein each R2 and Rs is phenyl. 
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10. Compound of claim 1 wherein each R2 and R3 is phenyl or an alkyi group of 1-4 carbon atoms 
provided that not more than one of R2 and R3 is alkyi. 

11 Compound of claim 1 which is a-(9-anthracenyl-propyl diphenyl sulfonium hexafluoroantimonate. 

12. Compound of claim 1 being 3-(9-anthracenyl)-2-hydnDxy-3-0)cypropyl diphenyl sulfonium hex- 
afluoroantimonate. ^ ^ t < I ^* 

13. Photocurable composition comprising an epoxy polymer and the compound of claim 1 In an amount 

sufficient to accelerate cure of the epoxy polymer. 

14. Composition of claim 13 wherein the amount of said compound is up to 10% by weight based upon 

the epoxy polymer. . .^^ . 

15. Composition of claim 13 wherein the amount of said compound is about 0.5% to about 4% by 

weight of said epoxy polymer. . ^. ^ , „ - 

16. Composition of claim 13 wherein said compound is 3-{9-anthracenyl)-propyl diphenyl sulfonium 

hexafluoroantimonate. « 1 

17. Composition of claim 14 wherein said compound is 3-(9-anthracenyl>-2-hydroxy-3-oxy propyl 

75 diphenyl sulfonium hexafluoroantimonate. . 

18 Process for preparing the compound of claim 1 wherein Ri is a hydroxyl derivative which comprises 
reacting a compound of the formula Ar-R*. wherein Ra is a glycidyl ether group; a compound of the formula 
R2SR3 in the presence of hydrogen ions and non-nucleophllic counter anions. 

19. Process for preparing the compound of claim 1 which comprises reacting a compound of the 
formula Ar-R,X wherein X Is a halide; a compound of the formula R2SR3; and a metallic compound of a 
non-nucleophillc anion of the formula: MA wherein M is a monovalent alkali metal or monovalent transition 
metal and A is a non-nucleophillc anion, and dioxane adducts. 
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